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© Device for detecting pulsatory interference signals. 


© Pulsatory interferences in a noise signal are de- 
tected by passing the signal mixture through a 
threshold circuit having a threshold value. To com- 
pensate for variations of the signal level, the signal 
mixture or the threshold value is controlled. The 


control will become considerably independent of the 
pulsatory interferences and will be substantially de- 
termined by the statistic distribution of the noise 
signal by subjecting the signal mixture to an am- 
plitude comparison for generating the control signal. 
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The invention relates to a device for detecting 
pulsatory interference signals in a signal mixture 
substantially comprising noise signals, which de- 
vice comprises a full-wave rectifier circuit having an 
input for receiving the signal mixture and an output 
for supplying a rectified signal mixture, and a 
threshold circuit having an input which is coupled 
to the output of the rectifier circuit for receiving the 
rectified signal mixture and an output for passing 
the pulsatory interference signals occurring in the 
rectified signal mixture and exceeding a threshold 
value. 

Such a circuit for detecting pulsatory interfer- 
ence signals in a signal mixture comprising noise 
signals is known, inter alia from German Patent 
Specification 2 912 689 and is used, for example in 
FM car radio receivers having a circuit for sup- 
pressing the pulsatory interference signals (IAC = 
interference absorption circuit). In this circuit the 
received and demodulated multiplex signal is sup- 
plied via a restoration circuit which is blocked 
during the occurrence of an interference pulse and 
in which the interference pulse is replaced, for 
example by the signal level which is stored in a 
memory and occurs just before the occurrence of 
the interference pulse. 

For detecting interference pulses in the re- 
ceived multiplex signal, use is made of the fact that 
the interference pulses have frequency compo- 
nents above the frequency band of the useful mul- 
tiplex signal. For example, in FM stereo receivers 
the demodulated multiplex signal covers the fre- 
quency range up to approximately 60 kHz. By 
passing this signal through a high-pass filter having 
a cut-off frequency of approximately 60 kHz, the 
components of the useful multiplex signal are sup- 
pressed to a considerable extent. A signal mixture 
comprising the pulsatory interference signals and 
the noise above 60 kHz then remain. 

In order to detect the pulsatory interference 
signals from the noise signals, the signal is first 
full-wave rectified so that all the positively directed 
and the negatively directed interference pulses ac- 
quire the same direction, and subsequently the 
signal is applied to a threshold circuit having such 
a threshold value that most interference pulses are 
passed and the noise signals are blocked. For an 
optimum interference pulse detection the threshold 
value should be just above the highest noise peaks 
so that these highest noise peaks are not detected 
or are substantially not detected as interference 
pulses, whereas even the noise pulses which are 
just above the noise are still detected as such. 

However, the noise amplitude often varies con- 
siderably. For example, in FM radio reception the 
noise amplitude increases as the reception field 
strength decreases. To obtain a reliable detection 
of the pulsatory interference signals in the case of 


a varying noise amplitude, it is known, for example 
from the above-mentioned German Patent Speci- 
fication 2 912 689, to pass the signal mixture 
through an amplitude control means before interfer- 

5 ence pulses are detected from this mixture so as to 
bring the signal mixture to a constant level in this 
way. To this end the output signal of the full-wave 
rectifier arranged downstream of the amplitude 
control means is applied to a peak value detector 

10 and the signal obtained by this peak value detec- 
tion is applied as a control signal to the amplitude 
control means. 

However, a drawback of the known circuit de- 
scribed above is that the control signal obtained by 

is the peak value detection is considerably dependent 
on the mutual time intervals and values of the 
interference pulses present in the signal mixture, 
and the amplitude control of the signal is then 
incorrect. For example, if there are no interference 

20 pulses, the control signal generated by the peak 
value detector will be low, whereas the amplitude 
control means will have a large amplification and 
the higher noise peaks exceed the threshold value, 
which will lead to unwanted interference detection. 

25 On the other hand, after the occurrence of a strong 
interference pulse, the control signal obtained by 
means of the peak value detection will assume a 
high value for a given period. During this period the 
amplitude control means is then fed back to a 

30 strong extent so that the signal mixture occurring at 
the output of this control means will have a value 
which is too small with respect to the adjusted 
threshold value. As a result, possible weaker inter- 
ference pulses which are present directly after the 

35 strong interference pulse will no longer be detected 
as such and will therefore not be suppressed. 

It is an object of the invention to obviate this 
drawback in an effective manner and to this end 
the device according to the invention is character- 

40 ized by an amplitude comparator having a com-, 
parator input which is adapted to receive the signal 
mixture and a comparator output for supplying a 
first and a second comparator output value, respec- 
tively, dependent on whether the signal mixture 

45 applied to the comparator input has an instanta- 
neous signal value above or below a comparison 
value, and by a smoothing filter connected to the 
comparator output for supplying a control signal for 
controlling either said threshold value and said 

so comparison value, or the signal mixture applied to 
the threshold circuit and the comparator input. 

The invention is based on the recognition that, 
due to the function of the amplitude comparator, 
said control signal generated by the amplitude 

55 comparator and the smoothing filter and adjusting 
the mutual ratio between the threshold value and 
the signal mixture applied to the threshold circuit is 
substantially independent of the interference pulses 
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present in the signal mixture and is substantially 
determined by the statistic distribution of the noise 
present in the signal mixture. 

It is to be noted that it is not necessary for the 
comparator output to supply said first or second 
comparator output value at each value of the signal 
mixture at the comparator input. For example, if the 
comparator uses a limiter having a finite gain, val- 
ues between said two output values will occur at 
the comparator output in the case of comparator 
input values which are close to the comparison 
value. 

The first comparator output value may be posi- 
tive and the t second value may be equal to zero. 
The comparator output signal then has a positive 
mean value which is larger as the signal mixture 
applied to the comparator input is larger than the 
comparison value during a larger part of the period 
of time, while this positive mean value is used as a 
control signal after it has been smoothed by the 
smoothing filter. Generally, a large control gain and 
a reference level which is to be preset are required 
for the control by means of the control signal thus 
obtained. An embodiment of the invention which is 
more favourable in this respect is characterized in 
that the comparator supplies first and second com- 
parator output values of mutually opposite polarity 
and in that the smoothing filter is an integrator. The 
control is then set automatically in such a way that 
the mean value of the comparator output signal is 
equal to zero, while the reference level setting is 
superfluous. 

A further preferred embodiment is character- 
ized in that the comparator receives the full-wave 
rectified signal mixture and supplies first and sec- 
ond comparator output values of opposite polarity 
and of equal value, and in that said threshold value 
is equal to approximately four times the compari- 
son value. Due to the choice of equal, but opposite 
comparator output values it is achieved that the 
comparison value or the level of the signal mixture 
is set in such a way that the signal mixture is as 
often below the comparison value as it is above 
this value. If the threshold value is then chosen to 
be equal to approximately four times the compari- 
son value, it is found that substantially no noise 
peaks and mainly interference pulse peaks exceed 
the threshold value. 

The invention is not limited to interference sup- 
pression in car radio receivers, but may alternative- 
ly be useful for suppressing pulsatory interferences 
resulting from, for example scratches on gramo- 
phone records or magnetic tapes. 

These and other aspects will be apparent from 
an elucidated with reference to the embodiments 
described hereinafter. In the drawings 

Fig. 1 shows a circuit for suppressing pulsatory 
interferences, with a first embodiment of a de- 


vice according to the invention, 
Figs. 2 and 3 show curves to explain the opera- 
tion of the circuit of Fig. 1 and 
Fig. 4 shows a second embodiment of a device 

5 according to the invention. 

The circuit of Fig. 1 has an input terminal 1 to 
which an input signal S )n is applied. If the circuit 
forms part of an FM car radio receiver, the input 
signal S in comprises, for example a stereo mul- 

70 tiplex signal with a Left + Right sum signal in the 
frequency range up to 15 kHz, a pilot tone at 19 
kHz and a Left - Right difference signal in the 
frequency range of 23-53 kHz. 

The signal S in is applied via a delay circuit 2 to 

is a restoration circuit 3 which is controlled by a pulse 
generator 4. The pulse generator supplies a switch- 
ing pulse of a predetermined period to the restora- 
tion circuit when an interference pulse has been 
detected. When a switching pulse is received, the 

20 restoration circuit blocks the signal path so that the 
interference pulse is suppressed. The resultant in- 
terruption is replaced in known manner, for exam- 
ple by a constant signal level which is equal to the 
signal level just before the occurrence of the inter- 

25 ference pulse or by a signal obtained by means of 
linear interpolation. The delay circuit 2 is necessary 
because the detection of the interference pulses 
and the generation of the switching pulses by the 
pulse generator 4 takes some time and to ensure 

30 that these pulses always arrive at the restoration 
circuit at a slightly earlier instant than the interfer- 
ence pulses. 

For detecting the interference pulses, the input 
signal S in is applied to a high-pass filter 5 having a 

35 cut-off frequency of, for example 60 kHz. It is 
thereby achieved that the useful signal parts are 
attenuated to a considerable extent and that the 
interference pulse components above this cut-off 
frequency are passed on. The noise above the cut- 

40 off frequency is then also passed. The resultant 
signal mixture which mainly comprises noise with 
interference pulses exceeding the noise to a great- 
er or lesser extent is shown by means of curve S a 
in Fig. 2. In practice, the value of the noise may 

45 vary considerably and increases to a strong extent, 
for example when the reception field strength of 
the received FM signal decreases. 

The signal mixture shown by means of curve 
S a in Fig. 2 comprises positive and negative noise 

so signals as well as positive and negative interfer- 
ence pulses. In order to detect both types of inter- 
ference pulses in an equal way, the signal mixture 
is subsequently applied to an input 61 of a full- 
wave rectifier circuit 6. The rectifier signal mixture 

55 occurring at an output 62 of this rectifier circuit is 
shown by means of curve S b in Fig. 2. This signal 
mixture is applied to an input 81 of a threshold 
circuit 8 via an amplitude control means 7 having a 
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signal input 71, a signal output 72 and a control 
input 73. The function of the amplitude control 
means 7 will hereinafter be described in greater 
detail. The threshold circuit 8 only passes those 
signal peaks to an output 82 which exceed a 
threshold value Vi applied to an input 83. The 
interference pulse peaks at the output 82 are ap- 
plied to the pulse generator 4 where they generate 
the switching pulses for the restoration circuit 3. 

In Fig. 2 the curve S b shows the signal mixture 
at the input 81 of the threshold circuit, while a 
horizontal broken line Vi represents the optimum 
threshold value, I.e. the threshold value which is 
just above the noise signal so that the noise signal 
cannot "trigger" the pulse generator 4, while sub- 
stantially all interference pulses exceeding the 
noise signals are capable of "triggering" the pulse 
generator. 

For generating the control signal to be applied 
to the control input 73 of the amplitude control 
means 7, the circuit of Fig. 1 includes an amplitude 
comparator 9 having a comparator input 91 con- 
nected to the output 72 of the amplitude control 
means 7 and an output 92 which is connected to 
the control input 73 of the amplitude control means 
via an integrator 10. A comparison value V 2 is 
applied to a second input 93 of the comparator 9. 
The amplitude comparator 9 comprises a subtract- 
er circuit 1 1 which subtracts an amount having the 
value of the comparison value V 2 from the signal 
mixture applied via the input 91. The comparator 9 
also comprises a symmetrical limiter 12 having a 
sufficiently high gain and being connected to the 
output of the subtracter circuit 11. The limiter 12 
preferably has an infinite gain and is implemented 
with a Schmitt trigger without hysteresis. The lim- 
iter 12 supplies the output signal of the comparator 
9 at its output 92. 

The curve S c in Fig. 2 represents the signal 
mixture at the input of the limiter 12. This is the 
same signal as is shown by means of the curve S b 
but, due to the operation of the subtracter circuit 
11, with the comparison value V 2 being lowered. 
This implies that, with the signal mixture at the 
comparator input 91 being always positive due to 
the full-wave rectification, the signal mixture S c is 
partly negative and partly positive, viz. negative 
when the instantaneous value of the signal mixture 
S b is smaller than the comparison value V 2 and 
positive when the instantaneous value of the signal 
mixture S b is larger than the comparison value V 2 . 

The symmetrical limiter 12 supplies a constant 
positive signal ( + 1) at the comparator output 92 
when the signal mixture S c is positive and a signal 
of the same value and opposite sign (-1) when the 
signal mixture S c is negative. This implies that the 
comparator output supplies a first comparator out- 
put value + 1 when the instantaneous value of S b , 


is larger than V 2 and a second comparator output 
value - 1 when the instantaneous value of S b is 
smaller than V 2 . 

To elucidate the operation of the amplitude 

5 control means 7, the amplitude comparator 9 and 
the integrator 10, reference is made to Fig. 3. The 
curves p,, p m and p h in this Figure show by way of 
example the statistic value distribution of the recti- 
fied signal mixture at the output 62 of the full-wave 

10 rectifier 6 for three different signal levels, with the 
signal value V being plotted horizontally and the 
statistic distribution p(V) being plotted vertically. In 
the diagram p(V)W represents the probability of 
the signal being between the values of V and 

75 V + dV. The integral of p(V)"dV of all values of V, 
represented by the total surface area under the p- 
(V) curve, is of course equal to 1. Vertical broken 
lines denote the adjusted threshold value Vi and 
the adjusted comparison value V 2 . It is to be noted 

20 that Fig. 3 shows the normal Gauss distribution of a 
rectified noise signal, but this is not essential and 
the invention is also applicable in the case of 
deviating distributions of the noise signal. 

If the signal mixture has a low level, the stat- 

25 istic distribution of, for example, the curve pi ap- 
plies. Then there are more moments in the signal 
mixture S b at which the instantaneous signal value 
is smaller than V 2 than where this value is larger 
than V 2 . In fact, the surface area located under the 

30 curve p ( to the left of the broken line V 2 is larger 
than the surface area under this curve to the right 
of the line V 2 . The comparator output signal is thus 
more frequently negative than positive. This signal 
is integrated in the integrator 10 and the integrator 

35 10 thus applies a decreasing control signal to the 
amplitude control means 7 so that the gain of this 
control means increases. This implies that the stat- 
istic distribution curve of the signal mixture S b , 
shifts from the curve pi towards the curve p m . 

40 If, on the other hand, the signal mixture S b , has . 

a high level, the statistic distribution of, for example 
curve Ph applies. The surface area under the Ph, 
curve to the right of the line V 2 is, however, larger 
than that to the left of this line. The instantaneous 

45 value of the signal mixture S b , is thus more fre- 
quently larger than V 2 than where this value is 
smaller than V 2 and the comparator output signal is 
thus more frequently positive than negative, while 
the integrator 10 applies an increasing control sig- 

50 nal to the amplitude control means 7. Consequent- 
ly, the gain of the control means decreases and the 
statistic distribution curve of the signal mixture S b 
shifts from the curve p h towards the curve p m . The 
control means is eventually set in such a way that 

55 the signal mixture S bl is as frequently smaller than 
the comparison value V 2 as it is larger than this 
value. The output signal of the amplitude compara- 
tor 9 is then equal to 0 on average and the output 
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signal of the integrator 10 is constant. This is the 
case for the statistic distribution curve p m . 

The extreme right portion of the statistic dis- 
tribution curve represents the interference pulses 
which are larger than the noise peaks but occur 
less frequently than the noise peaks. Fig. 3 shows 
a possible threshold value for the threshold circuit 
8 by means of the second vertical broken line Vi . 
The threshold value Vi is chosen to be such that 
with the statistic distribution p m the interference 
pulses are substantially larger and the noise peaks 
are substantially smaller than the threshold value 
Vi . In practice this is usually the case at a thresh- 
old value Vi which is approximately four times as 
large as the comparison value V 2 . It is also appar- 
ent from Fig. 3 that no or too few interference 
pulses are detected at too low levels of the signal 
mixture (curve pi) and that a large number of noise 
peaks is detected as interference pulses at too 
high levels of the signal mixture (curve p h ) when 
the amplitude control means 7 is not correctly 
controlled (which is notably the case if the control 
is effected from a peak value detector). 

Fig. 1 shows the threshold value Vi and the 
comparison value V 2 as values to be externally 
applied to the threshold value and the comparator, 
respectively. These values may of course also be 
supplied internally, for example by means of zener 
voltages or forward voltages of bipolar diodes, or 
by means of values represented by binary num- 
bers. 

The comparator which comprises a subtracter 
circuit 11 and a symmetrical limiter 12, as shown in 
Fig. 1, may alternatively be realised in a different 
manner, for example by means of a symmetrically 
limiting differential amplifier having two inputs, one 
for the signal mixture S b and one for the compari- 
son value V 2 . Neither is it necessary for the com- 
parator to supply symmetrical output values. If the 
comparator supplies, for example a negative output 
value when S b < V 2 and a twice larger positive 
output value when S b > V 2l the level of the signal 
mixture will be controlled in such a way that the 
surface area below the associated p m curve to the 
right of V 2 is equal to half the surface area below 
this p m curve to the left of V 2 . 

Instead of the full-wave rectified signal mixture, 
a half-wave rectified signal mixture or a non-recti- 
fied signal mixture may be applied to the input 91 
of the comparator 9. However, it is then necessary 
that the comparator supplies asymmetrical com- 
parator output values, for example -1 when the 
signal mixture at the comparator input is smaller 
than the comparison value V 2 and +3 when this 
signal mixture is larger than V 2 . 

Instead of the integrator 10, a different type of 
smoothing filter may be chosen, for example a low- 
pass filter in which generally a mean value, dif- 


ferent from zero, of the comparator output signal 
occurs at the output of the low-pass filter. This 
value is compared in a manner not further shown 
with a setting value and the difference is amplified 
5 and subsequently applied as a control signal to the 
input 73 of the control means 7. 

The full-wave rectifier 6 may be arranged in the 
output signal lead of the control means 7 instead of 
in the input signal lead of this control means, as is 

jo shown in Fig. 1. 

Fig. 4 shows a further modification of the cir- 
cuit of Fig. 1 in which corresponding elements 
have the same reference numerals as those in Fig. 
1. In this modification the control means 7 has 

is been omitted. The signal mixture S b , varying in 
level and originating from the full-wave rectifier 6 is 
applied in an uncontrolled form to the input 81 of 
the threshold circuit 8. The output of the integrator 
10 is coupled to the second input 82 of the thresh- 

20 old circuit 8 and thus supplies the threshold value 
Vi. The circuit further comprises an attenuator 13 
which is arranged between the integrator output 
and the input 93 of the comparator 9. The at- 
tenuator attenuates by a factor of approximately 4 

25 so that the comparison value V 2 is approximately 
one fourth of the threshold value Vi . In this modi- 
fication the signal mixture S b varies, hence the 
statistic distribution of, for example the curve Pi 
also varies via p m to p h . The control circuit com- 

30 prising the comparator 9, the integrator 10 and the 
attenuator 13 ensures that the comparison value V 2 
varies proportionally with the level of the signal 
mixture so that the V 2 line always divides the 
surface area under the p curve into two equal 

35 parts. The threshold value Vi also varies propor- 
tionally with the varying signal mixture level (in fact, 
Vi = 4"V 2 ) so that only interference pulses ex- 
ceeding the noise signal are passed by the thresh- 
old circuit 8. In this modification it should be taken 

40 into account that the pulse generator 4 should be 
suitable for receiving interference pulses which 
vary to a stronger extent than those in the circuit of 
Fig. 1. Instead of the factor 4 attenuator 13 for the 
comparison value V 2 , a factor 4 attenuator up- 

45 stream of the S b input 81 of the threshold circuit 8 
or a factor 4 amplifier upstream of the Vi input 83 
of this threshold circuit may be used. 

It is to be noted that all components of the 
described embodiments of the present invention 

50 can be implemented by means of known tech- 
niques in both analog and digital form, and in 
certain cases by means of software-controlled digi- 
tal signal processors. 

55 Claims 

1- A device for detecting pulsatory interference 
signals in a signal mixture (S a ) substantially 
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comprising noise signals, which device com- 
prises a full-wave rectifier circuit (6) having an 
input (61) for receiving the signal mixture (SJ 
and an output (62) for supplying a rectified 
signal mixture (S b ). and a threshold circuit (8) 5 
having an input (81) which is coupled to the 
output of the rectifier circuit for receiving the 
rectified signal mixture (S b ) and an output (82) 
for passing the pulsatory interference signals 
occurring in the rectified signal mixture and io 
exceeding a threshold value (Vi ), characterized 
by an amplitude comparator (9) having a com- 
parator input (91) which is adapted to receive 
the signal mixture (S a . S b ) and a comparator 
output (92) for supplying a first and a second 75 
comparator output value, respectively, depen- 
dent on whether the signal mixture applied to 
the comparator input (91) has an instantaneous 
signal value above or below a comparison val- 
ue (V 2 ), and by a smoothing filter (10) con- 20 
nected to the comparator output (92) for sup- 
plying a control signal for controlling either 
said threshold value (V1) and said comparison 
value (V 2 ), or the signal mixture applied to the 
threshold circuit (8) and the comparator input 25 
(91). 

2. A device as claimed in Claim 1 , characterized 
in that the comparator (9) supplies first and 
second comparator output values of mutually 30 
opposite polarity and in that the smoothing 
filter (10) is an integrator. 

3. A device as claimed in Claim 2, characterized 

in that the comparator (9) receives the full- 35 
wave rectified signal mixture (S b ) and supplies 
first and second comparator output values of 
opposite polarity and of equal value, and in 
that said threshold value (V1) is equal to ap- 
proximately four times the comparison value 40 
(V2). 
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